A series of fatty acids were rapidly dereplicated and partially identified from the flowerpot fungus, Leucocoprinus birnbaumii using HPLC-NMR and HPLC-MS. Subsequent off-line isolation unequivocally established the structures, and anti-microbial testing concluded that the fatty acids displayed moderate but selective anti-microbial activity. This represents the first report of these compounds occurring in this particular terrestrial fungus.
The bright yellow fungus, Leucocoprinus birnbaumii (Agaricaceae), is a species of gilled mushroom. It is also known as the "flowerpot parasol and the plantpot dapperling" as it is commonly found growing in flowerpots and greenhouses [1] . The fungus has been reported to be poisonous, and ingestion can cause symptoms such as vomiting, nausea and diarrhea [2] . As yet, there has been no reported biological activity study conducted on either the crude extract or any of the compounds previously reported from the fungus. One of the first studies of L. birnbaumii established the content of crude protein, amino acids, sugars and minerals present in the fungus [3] . A second and more in depth study, reported on the isolation and identification of the two hydroxyindole pigments, birnbaumin A (1) and B (2) , which are responsible for the bright yellow color associated with the fungus [4] . As part of the continuing bioactive natural product discovery activities of the Marine and Terrestrial Natural Product (MATNAP) research group at RMIT University, a sample of L. birnbaumii that was found growing in a flowerpot was harvested and subjected to a chemical investigation. In this study we report the first biological activity evaluation of the crude extract and for three of the compounds isolated from the fungus.
Initial analysis
The dichloromethane crude extract of the fungus displayed no antimicrobial activity while the methanol crude extract showed only minimal anti-microbial activity against Streptococcus pyogenes. Based on subsequent proton NMR and analytical HPLC analyses, only the dichloromethane extract showed the presence of compounds that warranted further investigation. Despite this, C 18 Vacuum Liquid Chromatography (VLC) was carried out on the methanol crude extract in an effort to deduce if this extract could be deconvoluted and whether it warranted further chemical investigation. Subsequent analysis of the resulting C 18 fractions concluded that birnbaumin A (1) and B (2), which have characteristic UV chromophores at λ max 322 and 356 nm respectively, could not be detected in any of the fractions on the basis of the HPLC contour plot obtained via PDA. Only very polar compounds present in minor quantities were observed and so only the dichloromethane crude extract was further investigated. No previous studies have focused on evaluating the secondary metabolites present in the dichloromethane extract of this fungus.
Phytochemical profiling
The dichloromethane crude extract was subjected to phytochemical profiling and dereplication using HPLC-NMR and HPLC-MS. A total of three components were detected, and comparison of the onflow HPLC-NMR proton NMR data indicated that these differed vastly to the data reported for birnbaumin A (1) and B (2) [4] , immediately indicating the presence of a different structural class.
Analysis of the WET1D proton NMR spectra (extracted from the on-flow HPLC-NMR experiment) for each of the components, Dr Sylvia Urban leads the Marine and Terrestrial Natural Product (MATNAP) research group at RMIT University. She was awarded the Gerald Blunden Award for the best research article for 2011 in Natural Product Communications, was the recipient of the Ronald Riseborough prize in chemistry, and has also been awarded the American Society of Pharmacognosy Research Starter Grant for a project entitled "Investigation into the Chemistry and Biological Activity of the Orange-Rot Fungus, Pycnoporus cinnabarinus". Dr Urban has been researching in the field of natural products chemistry for in excess of 20 years. Her interests include marine and terrestrial natural products chemistry; isolation and structural characterization; NMR spectroscopy and analytical separation and profiling methodologies for natural product discovery. clearly showed that they were structurally related. The presence of olefinic signals and signals in the upfield region of the spectra suggested the presence of alkenes, such as those observed in fatty acids. This was further supported by the UV profile observed for these components which indicated very little conjugation since no UV chromophores were observed above 212 nm. Due to the small quantity of the dichloromethane crude extract available, only one stop flow HPLC-NMR experiment was conducted, which allowed for a WET1D proton NMR spectrum and gCOSY NMR data to be obtained for component 1.
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Analysis of the WET1D proton NMR spectrum of component 1 showed the presence of four olefinic protons ( δH 6.77, m, 4H). In addition, an observed molecular ion of m/z 279.2338 [M-H]was observed for this component for which a molecular formula of C 18 H 32 O 2 could be deduced. This particular formula has three degrees of unsaturation, two of which are confirmed by the presence of the four olefinic protons, thereby confirming the presence of two double bonds, and the remaining degree of unsaturation is due to the presence of a carbonyl bond which is typically present as a carboxylic acid in fatty acids. However, the position of the two double bonds could not be unequivocally placed. In this way component 1 could only be partially identified as a variant of octadecadienoic acid with unspecified double bond placement. Component 2 exhibited the same characteristic UV and NMR features as component 1. The HPLC-MS showed the presence of a molecular ion at m/z 281.2493 [M-H] -, which is two mass units higher than for component 1. This is attributed to the loss of one of the double bonds. As in the case of component 1, the double bond positions in component 2 could not be unequivocally located. This allowed component 2 to be partially identified as a variant of octadecenoic acid with unspecified double bond placement. Lastly, component 3 also showed the characteristic features of a fatty acid. However, the extracted WET1D proton NMR spectrum also showed the presence of a methoxy moiety ( δH 5.03, s, 3H). Component 3 did not ionize in either positive or negative ESI modes during the HPLC-MS analyses due to methylation of the carboxylic acid preventing ionization from occurring. Based on the two previously identified components and on biosynthetic grounds, it was assumed that component 3 contained the same number of carbons in the alkene side chain. Integration of the extracted WET1D proton NMR spectrum, and comparison of the methoxy and olefinic resonances, supported the presence of four olefinic protons (δ H 6.77, m, 4H) and, therefore, two double bonds. On this basis, component 3 was partially identified as a variant of methyl octadecadienoate with unspecified double bond placement.
Off-line isolation of fatty acids
In an attempt to unambiguously identify the fatty acids present in L. birnbaumii, and to possibly identify the presence of any other minor compounds, an off-line isolation was implemented. The dichloromethane crude extract was subjected to reversed phase HPLC and the HPLC chromatogram showed the presence of the same three components as those observed in the off-line study. These components were separated and collected based on their retention time and peak height/area using an automatic fraction collector. 127.8) and various methylene and methyl carbons. Complete analysis of the 2D NMR spectroscopic data obtained (gCOSY, HSQCAD and gHMBCAD) allowed for the overall structure to be determined as a fatty acid. However, despite the ability to obtain comprehensive 2D NMR data, the position of the double bonds could not be unequivocally placed due to the overlapped nature of the proton and carbon NMR chemical shifts. In order to determine the position of the double bonds, a chemical derivatization would be necessary.
It is well established that the location of olefinic bonds in fatty acids can be secured by ozonolysis and mass spectrometry whereby fragments are converted either into aldehydes, ketones or acids, depending on the subsequent work up used [5, 6] . Ozonolysis of component 1 was carried out with a reductive workup. In this reaction, dimethyl sulfide was used as the reducing agent, which results in the production of aldehydes [7, 8] . Subsequent mass spectrometric analysis of the fragment showed a molecular ion at m/z 171 [M-H]for the ozonoid aldehyde product. Analysis of the gCOSY and gHMBCAD NMR data supported five possible positions for the location of the double bonds.
Comparing the mass of each of the aldehydes produced that could result from the five possible structures with the actual observed mass, allowed the position of the double bonds to be secured. The position of the two double bonds was, therefore, established as commencing at position 9, as the resulting fragment would yield an observed ion at m/z 171.0 [M-H] - (Figure 2 ). Therefore, component 1 was identified as the previously reported fatty acid octadeca-9,12dienoic acid, also known as linoleic acid (3) [9] . Component 2 was identified in a similar manner. Initial analysis of the proton NMR spectrum showed that there were only two olefinic protons (δ H 5.36, m, 2H). A reductive workup of the ozonolysis reaction, followed by mass spectrometric analysis of the fragment indicated the presence of a molecular ion at m/z 171.0 ( Figure 2) . Considering all possible structures, component 2 was identified as the previously reported fatty acid octadec-9-enoic acid, also known as oleic acid (6) [9] .
Lastly, component 3 did not ionize in either positive or negative ESI-MS modes, but a molecular ion was observed at m/z 294, which was obtained via GC-MS analysis. Component 3 also had very similar proton and carbon NMR data to the other two components, but contained a methoxy moiety (δ H 3.67, s; δ C 51.5). Ozonolysis was also carried out on component 3 using a reductive workup, but this was unsuccessful. Instead, an oxidative workup of the ozonolysis reaction using Jones' reagent was implemented, and this was successful. Unlike the reductive workup, oxidative workups produce acids [7, 8] . Mass spectrometry carried out after ozonolysis Fatty acids from Leucocoprinus birnbaumii Natural Product Communications Vol. 10 (1) 2015 97
showed the presence of a molecular ion at m/z 201, which confirmed that the double bonds were also located at position 9 (Figure 2 ). The identity of this compound was concluded to be the methyl ester of the fatty acid octadeca-9,12-dienoic acid methyl ester, also known as methyl linoleate (8) [9] .
Most naturally occurring fatty acids possess a cis or Z double bond geometry [10, 11] . On biosynthetic grounds this was concluded to also be the case for the fatty acids identified in this study Biological evaluation of the three fatty acids (3, 6 and 8) was carried out against six microorganisms (Escherichia coli, Staphylococcus aureus, S. aureus MRSA, Streptococcus pyogenes, Pseudomonas aeruginosa and Candida albicans). Each of the three fatty acids (3, 6 and 8) showed moderate anti-bacterial activity with some selectivity and the fatty acids were able to inhibit the growth of both Gram-positive and Gram-negative bacteria. The observed activity (measured as a zone of inhibition) against the six organisms tested for each of the three fatty acids (3, 6 and 8) , which were tested at a concentration of 1 mg/mL, is given in Table 1 . The observed activity for the three acids is in agreement with that previously reported, with fatty acids known to display various antibacterial activity [12] [13] [14] [15] [16] . (2) 100 Å C 18 250 x 10 mm (5 µm) HPLC column. The automatic fraction collector was programmed to collect the 3 fatty acids based on their retention times (12.89, 18.81 and 26.02 min, respectively) and a peak threshold value at a flow rate of 3.5 mL/min. Vacuum flash chromatography (VLC) was carried out using C 18 on the methanol crude extract of the fungus. The VLC separation began with a solvent system comprised of 100% H 2 O which, in 20% stepwise increments, made its way through to MeOH and finally DCM.
